SUMMARY Intracranial arteriovenous malformations (AVMs) are congenital communications between the cerebral arteries and veins without an intervening capillary network.
" 19 We considered that restricting infundibula to a maximal diameter no greater than 3 mm at the base is arbitrary. In all the infundibula larger than 3 mm, small arterial branches originated from the apices; in the smaller infundibula, arterial branches originated from the apices in most cases.]
Results

Saccular aneurysms
Forty-three intracranial aneurysms were found in 22 of the 132 patients (16.7%) (table 1). Thirteen patients had single aneurysms only, three patients had 2 aneurysms each, four patients had 3 aneurysms each, and two patients had 5 and 7 aneurysms respectively. There were 12 females and 10 males.
The ages of the patients, the sizes of the AVMs, and the sites of the aneurysms were evaluated.
a) Age
The mean age of the 22 patients with aneurysms was 41 ± 12.9 years (range: 21-68 years), where that of the 110 patients without aneurysms was 31 ± 12.7 years (range: 6-73 years). The difference was statistically significant (p < .01) indicating that aneurysms were more likely to occur in the older patients. b) Size of the AVMs (Table 2) The AVMs were arbitrarily divided into three groups: small (2 X 2 X 2 cm or less, 30 patients), moderate (2 X 2 X 2-5 X 5 X 5 cm, 67 patients), and large (5 X 5 X 5 cm or larger, 35 patients). Because the demarcation between the nidus of the malformation and the feeding arteries and drainage veins was often not precise, these measurements were often "guestimates." [The measurements given here (and for the infundibula) are those obtained after correcting for magnification factors of 1.1 on nonmagnified lateral films, 1.2 on nonmagnified AP films, and 1.8 on magnified lateral films. These factors are for a midcranial structure such as the pineal gland. Corrections for the position of the AVMs within the cranium were not made.] No aneurysms were found in the 30 patients with small AVMs. Aneurysms were encountered in 9 of the 67 patients with moderate-sized AVMs and in 13 of the 35 patients with large AVMs. The distribution of AVM sizes in the patients with aneurysms was statistically different from that in patients without aneurysms (x 2 = 12.3, p < .001), indicating that aneurysms were more likely in the patients with larger AVMs. c) Site of the Aneurysms (Table 3) There was no predilection for the aneurysms to occur on the Circle of Willis. Sixteen of the 43 aneurysms (37.2%) occurred on the internal carotid artery, with 10 aneurysms (23.2%) on the carotid siphon ( fig.  1 ) and 6 (15%) on the terminal internal carotid artery. Six of 43 aneurysms (14.0%) were located on the anterior cerebral artery, and 7 (16.3%) were on the middle cerebral artery. Four of the 13 anterior and middle cerebral artery aneurysms were located on branches distal to the anterior communicating artery or distal to the knee of the middle cerebral artery ( fig. 2) .
Fourteen of the 43 aneurysms (32.6%) originated from the arteries of the vertebrobasilar system. Six were on the posterior cerebral artery in its peduncular segment ( fig. 3 ), 3 were on the basilar artery either at the apex or just below the superior cerebellar artery ( fig. 4 ), 3 were on the basilar artery between the posterior cerebral and superior cerebellar arteries ( fig.  4) , and 2 arose from the anterior inferior cerebellar artery, at its origin from the basilar artery in one case and from distal branches of the anterior inferior cerebellar artery in another ( fig. 5 ). Nine patients had multiple aneurysms; in six of these patients, the aneurysms were on the same artery and were juxtaposed to each other (figs. 4 and 5) .
The relationship between the site of the aneurysms or hemodynamically to the arteries supplying the AVMs.
Infundibula
Thirty-four infundibula were present in 30 of the 132 patients (22.7%) (table 1). The bases of the infundibula were 3 mm or greater in 16 patients (table 4); in 8 of these latter patients, saccular aneurysms coexisted. In 14 patients, the infundibula were less than 3 mm in diameter; in only two patients were coexisting aneurysms present. Statistically, this difference is significant, indicating a relationship between the size of the infundibula and the presence of aneurysms (x 2 = 5.4, p < .025).
The ages of the patients, the sizes of the AVMs, and the sites of the infundibula were evaluated. 
a) Age
The mean age of the 30 patients with infundibula was 39 ± 12.6 years (range: 13-68 years), whereas that of the 92 patients without infundibula was 30 ± 13.1 years (range: 6-73 years). The difference was statistically significant {p < .01), indicating that infundibula were more likely to occur in the older patients. b)SizeofAVMs(Table2) Infundibula were found in 4 of the 30 patients with small AVMs, 13 of 67 patients with moderate-sized AVMs, and in 13 of the 35 patients with large AVMs. The distribution of AVM sizes in the patients with infundibula was statistically different from that in the patients without infundibula (x 2 = 6.1, p < .05), indicating that infundibula were more likely in the patients with larger AVMs. c) Site of the Infundibula (Table 3) Most of the infundibula occurred on the internal carotid artery at its junction with the posterior communicating artery (22 of 34 infundibula, 67.4%) (figs. 1, 6). In 2 patients, the infundibula occurred at the origin of the ophthalmic artery and, in one patient, an infundibulum was present at the origin of the anterior choroidal artery. Nine of the infundibula were located on the middle or the anterior cerebral arteries ( figs. 1,  6 ). None of the infundibula occurred on the posterior circulation. In none of the patients with multiple infundibula were the infundibula in juxtaposition with each other.
Twenty-eight of the 34 infundibula (92%) (table 5) were located either on arteries supplying the AVMs or on an internal carotid artery ipsilateral to the AVMs. Six infundibula were located on the internal carotid artery contralateral to the AVM; however, in none of these did the contralateral carotid artery supply the AVM. .r2 = 0.8,p<0.1.
Changes in Size of Saccular Aneurysms and Infundibula
with Therapy (Table 6) In 13 of the 22 patients with aneurysms, artificial embolization of the AVM was the initial treatment. 22 None of the aneurysms changed in size as assessed on the immediate postembolization angiograms. In 4 patients, excision of the AVMs was the prime therapy; in 3 patients, the aneurysms decreased in size after surgery ( fig. 3 ). In one patient whose AVM was not treated, an aneurysm which was not initially identified was seen 6 years later on a follow-up angiogram ( fig. 5) .
In 4 patients, the infundibula decreased in size after treatment of the AVMs (2 patients following embolization, and 2 following surgery).
Discussion
The association of saccular aneurysms with intracranial AVMs, whether they represent related congenital anomalies or whether the AVMs antecede the development of the aneurysms, has been a controversial subject for many years. 23 The association has often been reported, with the incidence varying between 2.7% and 9.3%. a -10 -"• 18 The hypothesis that both conditions are based on the same developmental defects 5 
'
u is unlikely since, in an autopsy study on 215 subjects with cerebral aneurysms, the prevalence of AVMs was not significantly higher than in a control group of 849 subjects without cerebral aneurysms. 23 Another possibility is that aneurysms and AVMs occur coincidentally. 8 This association of rare lesions, though possible, is considered to be unlikely.
The present and other studies 8, 16 suggest that hemodynamic stresses due to increased arterial flow to the aneurysms are probably major factors in their etiology. The aneurysms in our series occurred at sites remote from the Circle of Willis, and were commonly located on the arteries contributing to the AVMs (figs. 2-6). 10 Two or more aneurysms were often juxtaposed on the same artery (figs. 2, 5). Experimentally, increased blood flow can cause distension and degeneration of the arterial walls. [24] [25] [26] [27] [28] In a postmortem study of a case with an AVM and aneurysm, Brihaye and Blackwood found that the media of the dilated artery varied in thickness and was composed of fibrous and elastic tissue, and the elastic lamina was interrupted in some places. 7 Shenkin et aF described 6 patients with intradural carotid aneurysms treated by carotid ligation. In 2 of the 6 patients, angiography carried out 3-10 years later demonstrated aneurysms that had developed on the opposite internal carotid artery. Hemodynamically, a similar situation can occur in the cases where the AVMs are supplied by the contralateral internal carotid artery.
Infundibula were found associated with the AVMs in 30 patients. To the best of our knowledge, this is a new observation. The incidence of 22.7% is significantly greater than the 6.6% incidence found in an angiographic study of 1020 normal patients 16 (x 2 = 38.0, p < .001), but not significantly greater than the 17.7% reported incidence in 291 brains studied with postmortem angiography. 21 The infundibula are located on the feeding arteries to the AVMs, and occur not only on the internal carotid artery but also on the branches of the anterior and middle cerebral arteries ( fig. 6 ), again suggesting an augmented cerebral blood flow in their etiology. In one case in this series, a large infundibulum measuring 3.5 mm in diameter before therapy decreased to 2.0 mm in diameter after artificial embolization, and again increased to 3.0 mm in diameter as the caliber of the parent artery changed. Further support for the hemodynamic theory is the fact that surgical treatment of the AVMs, which in some cases results in a decrease in size of the feeding arteries, is followed by shrinking of the aneurysms and infundibula (figs. 3, 6). 12, 18 In our series of 132 patients, 6 presented with intracranial hemorrhages. In 3 patients, two with aneurysms on the peduncular segment of the posterior cerebral artery and one with a basilar artery aneurysm immediately below the superior cerebellar artery, it was surgically confirmed that rupture of the aneurysms had caused the hemorrhages. It has been previously observed that, after surgery or artificial embolization of AVMs, the feeding arteries and their main branches decrease in size while the adjacent normal arteries or adjunctive feeding arteries increase in size. 22 These changes suggest that treatment of the AVM per se may possibly protect the patient from rupture of aneurysms located on the feeding artery. Conversely, when aneurysms are located on adjunctive feeding arteries to an AVM or arteries adjacent to but not supplying an AVM, it may be advisable to treat the aneurysms directly before treating the AVMs by embolization.
Conclusions Saccular aneurysms and infundibular widenings are frequently associated with AVMs. The incidence of aneurysms correlated with increasing patient's age and with the size of the AVMs. Both saccular aneurysms and infundibula are usually located on the arteries supplying the AVMs. The carotid siphon, the distal branches of the anterior and middle cerebral arteries, and the arteries of the basilar system are often sites for the aneurysms and the infundibula. Two or more aneurysms often occur on the same artery in juxtaposition to each other. Some aneurysms and infundibula decrease in size after treatment of the AVMs. The results confirm the high incidence of infundibula and aneurysms with AVMs, and support the concept that increased blood flow may be a major cause of this association.
